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Abstract: Nano-tin oxide was deposited on the surface of calcined wollastonite 
material using a mixed solution of stannic chloride pentahydrate and calcined 
wollastonite by a hydrolysis precipitation process. The antistatic properties of the 
wollastonite materials under different calcined conditions and composite materials 
(nano-SnO2/calcined wollastonite, SCW) were measured by rubber sheeter and 
four-point probe (FPP) sheet resistance measurement. Effects of hydrolysis 
temperature and time, calcination temperature and time, pH value and nano-SnO2 
coating amount on the resistivity of SCW powders were studied, and the optimum 
experimental conditions were obtained. The microstructure and surface properties of 
wollastonite, calcined wollastonite and SCW were characterized by transmission 
electron microscopy (TEM), scanning electron microscopy(SEM), energy-dispersive 
X-ray spectrometry (EDS), specific surface area analyzer(BET), X-ray diffraction 
(XRD), Fourier translation infrared spectroscopy (FTIR) respectively. The results 
showed that the nano-SnO2/calcined wollastonite composite materials under optimum 
preparation conditions showed better antistatic properties, the resistivity of which 
were reduced from 10.683 kΩ·cm to 2.533 kΩ·cm. From XRD analysis, the 
impurities of wollastonite may increase the number of net electron and reduce the 
resistivity. There are a large number of the hydroxyl groups on the surface of calcined 
wollastonite through FTIR spectrum analysis, which is beneficial to the 
heterogeneous nucleation reaction. 
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1. Introduction 1 
The accumulation and dissipation of electrostatic energy on surface of glass, 2 
plastic and other commercial materials tend to cause trouble in our daily life and 3 
malfunction in the operation of the electric devices, and even are dangerous of being 4 
flamed [1,2]. The best way to solve these electrostatic energy problems is reducing the 5 
resistivity of materials. Tin oxide (SnO2) materials, an n-type semiconductor with a 6 
wide band gap (Eg=3.6 eV) and low electrical resistivity, have a wide application as 7 
antistatic films, thin film resisters, gas-sensing materials and antireflecting coatings in 8 
solar cells [3-6]. The resistivity of SnO2 can be reduced further by doping with Sb, In 9 
or F, many kinds of which have been prepared and applied, such as antimony-doped 10 
tin oxide (ATO) nanoparticles [7-11]. Indium tin oxide(ITO) can also be used as an 11 
operative anti-static coating material [12-14]. 12 
The modified wollastonite powders, which show special acicular or fibrous 13 
structure,  high-brightness, thermal stability and are relatively cheap and rich in 14 
resources, are mainly used as the functional fillers and reinforcing agent in plastics, 15 
cables, rubber, resin [15-16]. Due to the high price of nano-SnO2 materials, several 16 
cheap natural minerals have been employed as the substrate to synthesize antistatic 17 
composite materials, such as kaolinite, barite, monolithic mesoporous silica, etc. 18 
[17-19]. These antistatic composite materials has a greater potential prospect than 19 
traditional materials including metal, carbon black, carbon fiber, metal fiber and metal 20 
oxides [20-23]. Hydrolysis precipitation method is an efficient synthetic method for 21 
composite materials with uniform shape and size [24]. In this paper, the preparation of 22 
antistatic composite powders by hydrolysis precipitation method using calcined 23 
wollastonite as the substrate is reported. The effect of different experimental 24 
parameters on the resistivity by changing different conditions have been studied, 25 
including pH value, hydrolysis temperature and time, nano-SnO2 content, calcination 26 
temperature and time. 27 
 28 
2. Experimental methods 29 
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2.1. Materials 30 
The wollastonite used as the substrate was obtained from Jiangxi, China. The 31 
resistivity of the raw wollastonite is 10.683kΩ·cm. The mineral composition of the 32 
wollastonite sample is listed in table 1, The main chemical composition of the 33 
wollastonite is as follows (mass): SiO2 is 49.31% and CaO is 50.49%. Stannic 34 
chloride hydrate (SnCl4·5H2O) and ammonia liquor (NH3·H2O) used in the 35 
experiment were purchased from Beijing Reagent Co. (Beijing, China).  36 
2.2. The composite preparation  37 
The preparation of composite materials was carried out in the following way: 38 
The raw wollastonite powder was calcined at 1000  for 2 h in advance in order to 39 
improve the antistatic property of the substrate, the resistivity of which was reduced 40 
by 64%. Certain amounts of calcined wollastonite powder was first dispersed in the 41 
icy distilled water and stirred for 5 min. The stannic chloride hydrate solution (0.4 42 
mol/L) was dropped to the agitated dispersion at a certain rate, while pH was adjusted 43 
through addition of ammonia solution (20 mass %), and then the hydrolysis 44 
temperature was elevated and stirred for further certain time. After some minutes, the 45 
precipitate was washed with distilled water several times in order to remove the 46 
residual chloride ions. The product was dried at 105 ± 3  for 2 h and then thrashed. 47 
Finally, the powder was calcined under static air atmosphere for different times at 48 
various temperatures, and SCW materials were obtained. The influence of pH, 49 
nano-SnO2 coating amount, hydrolysis temperature and time, calcination temperature 50 
and time on the resistivity was studied. 51 
2.3. Physical property measurement 52 
The resistivity of samples were measured by the rubber sheeter and four-point 53 
probe (FPP) sheet resistance measurement. The specific surface area of samples is 54 
measured by JW-BK nitrogen sorption isotherm measurement respectively. The 55 
morphology and chemical compositions of the sample were examined by scanning 56 
electron microscopy (S-3500N, FEI Company) equipped with an energy-dispersive 57 
X-ray spectrometer (EDX) analyzer. The transmission electron microscopy (TEM) 58 
was carried out on a Tecnai G220ST Spectrograph (FEI Company).  59 
2.4. X-ray diffraction（XRD） 60 
4 
X-ray diffraction patterns were obtained by a PANalytical X’Pert PRO X-ray 61 
diffractometer (radius: 240.0 mm). Incident X-ray radiation was produced from a line 62 
focused PW3373/10 Cu X-ray tube, operating at 40 kV and 40 mA, with Cu K 63 
radiation of 1.540596 Å. The incident beam passed through a 0.04 rad soller slit, a 64 
1/2 ° divergence slit, a 15 mm fixed mask, and a 1 ° fixed antiscatter slit. 65 
2.5. Fourier translation infrared spectroscopy (FTIR) 66 
Fourier-transform infrared spectroscopy was undertaken by a Thermofisher Nicolet 67 
6700 spectrometer. The samples were prepared at potassium bromide (KBr) pellets 68 
(ca. 2% by mass in KBr). The infrared spectra of prepared samples between 400 and 69 
4000 cm-1 were recorded. 70 
3. Results and discussion 71 
3.1. Resistivity of SCW composite materials 72 
The effects of various factors including hydrolysis temperature and time, pH, 73 
nano-SnO2 coating amount, calcination temperature and time on resistivity of SCW 74 
powders were shown in Fig. 1. The effect of a variable was examined by varying it 75 
while other variable kept constant. 76 
Fig. 1a exhibits that the resistivity decreased initially and then increased with 77 
increasing the hydrolysis temperature, and reached a minimum value at 25. Due to 78 
the hydrolysis is endothermic reaction, if the hydrolysis temperature is too low, the 79 
SnCl4 hydrolysis precipitation is incomplete resulting in the less deposition of SnO2 80 
particles on the surface of the wollastonite [28]. As a result, there will be not enough 81 
free electron provided for wollastonite accordingly; When the reaction temperature is 82 
too high, hydrolysis precipitation is too intense and the generated SnO2 particles will 83 
stack to form free large particles, which reduces the SnO2 conductivity [29]. From 84 
Fig.1a, with increase of reaction time, the resistivity change showed a similar 85 
discipline and reach a minimum value at 30min. This is because the hydrolysis 86 
precipitation needs certain time in order to achieve a complete reaction. However, if 87 
the reaction time is too long, the generated SnO2 particles may detach from the 88 
surface of minerals due to mechanical stirring and form the agglomerated particles by 89 
themselves. Therefore, the selective optimal hydrolysis temperature and time is 25 90 
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for 30min. Fig. 1b shows the resistivity of SCW decreases with increasing the 91 
calcination temperature and reaches a relatively stable value at 600. Because the 92 
degree of crystallinity increases as the powder is heated at higher temperatures, SCW 93 
powders show a descending tendency with the higher heat treatment temperature. 94 
Moreover, Fig. 1b displays the powders resistivity changes with increasing the 95 
calcination time and reach a minimum value at 2h, which is the reason for the higher 96 
degree of crystallinity with prolonging the calcination time. Fig. 1c reveals the pH 97 
value has great effect on the resistivity of SCW. The pH value is crucial for the 98 
nucleation of SnO2 and the growth of the crystals. During the process of the coating, 99 
the pH value of the solution should be controlled in a narrow range. It is concluded 100 
that the SnCl4 hydrolysis precipitation is carried out in two steps, and the chemical 101 
reaction equation is as follows:  102 
Sn4++4NH3•H2O=Sn(OH)4+4NH4+                                            103 
(1)  104 
Sn(OH)4=SnO2+2H2O                                                      105 
(2)  106 
As the rate of SnCl4 hydrolysis reaction determines the final size and distribution of 107 
SnO2 particles, the rate of SnCl4 hydrolysis reaction must be controlled. As a result, 108 
the appropriate amount of ammonia should be added to adjust the reaction rate. When 109 
the amount of ammonia can not be neutralize H+ generated by SnCl4 hydrolysis, the 110 
pH value is too low, which leads to the imperfection of hydrolysis and inhibited the 111 
hydrolysis reaction in the solution; When the pH value is too high, the reaction (1) is 112 
too intense, and the generated SnO2 particles are easy to agglomerated or deposited 113 
the surface of calcined wollastonite. On the other hand, excess ammonia, the excess 114 
NH4+ may inhibit the reaction (1) forward, which are not helpful to the resistivity of 115 
the composites. The coating amount has a great effect on the uniform of the 116 
hydrolysis products, which also affects the resistivity of the composites. The Fig. 1c 117 
exhibits that the optimum pH value is 10 and the best coating amount is 1.2 %.  118 
3.2. Morphology of SCW composite powders 119 
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SEM and TEM morphologies of calcined wollastonite and SCW powders 120 
prepared under optimum conditions are shown in Fig. 2. It can be seen that the edge 121 
of wollastonite becomes more smooth after calcination. Through SEM and TEM 122 
analysis, the distribution of the tin oxide grains was uniform and grain sizes from 10 123 
nm to 15 nm. Table 2 shows representative EDX analysis of calcined wollastonite and 124 
SCW powders. The main chemical percentage of the composite is listed in table 2, 125 
which clearly confirms the presence of Sn, along with O, Si and Ca. The specific 126 
surface was accordingly enhanced from 4.3 m2/g (calcined wollastonite) to 4.7 m2/g 127 
(nano-SnO2/ calcined wollastonite materials). 128 
3.3. X-ray diffraction (XRD) 129 
X-ray diffraction is one of the most useful techniques to probe the structural 130 
geometry and texture of minerals. XRD was used to verify whether the mineral 131 
composition was altered or not after the calcination and loading treatment in this study. 132 
The XRD patterns of wollastonite, calcined wollastonite and nano-SnO2 /calcined 133 
wollastonite composite are shown in Fig. 3. The XRD patterns of three kinds of 134 
samples show similar patterns to the standards of wollastonite. There are impurities 135 
containing antimony in wollastonite and calcined wollastonite which are present in the 136 
forms of antimony tungsten oxide (Sb2WO6) and antimony iodide (SbI3). It was 137 
clearly observed that after calcination the diffraction peak of calcite at 2θ＝29.402 has 138 
disappeared. When the surface of calcined wollastonite was coated with SnO2, these 139 
antimony particles may be doped by tin ions. The tin ions can easily become the 140 
substitutional ions and occupy the original positions of antimony ions. Sb5+ ions 141 
occupy crystal lattice of Sn4+ ion, which forms a monovalent positive charge center 142 
and a redundant valence electron. The electron can be free from bondage to form the 143 
conductive electron. Therefore, the impurities of wollastonite may increase the 144 
number of net electron and reduce the resistivity. 145 
3.4. Infrared spectroscopy 146 
Typical infrared spectra of wollastonite, calcined wollastonite and nano-SnO2 147 
/calcined wollastonite composite are shown in Fig. 4. The two bands positioned at 567 148 
cm-1 and 471 cm-1 are assigned to Si-O bending vibration. The band at 449 cm-1 is due 149 
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to M-O (M stands for Ca) stretching vibration. The Si-O-Si symmetric stretching 150 
vibration absorption peak of silicon oxygen tetrahedron structure in wollastonite is 151 
observed at 681 cm-1. The strong absorption region at 1100-850 cm-1 is assigned to 152 
Si-O-Si asymmetric stretching vibration and the O-Si-O stretching vibration 153 
absorption band. The band at 1059 cm-1 corresponds with the Si-O-Si asymmetric 154 
stretching vibration absorption peak and the band at 899 cm-1 corresponds with 155 
O-Si-O asymmetric stretching vibration absorption peak. According to the FTIR 156 
spectrum of the new precipitated silica gel, the absorption region at 950-970cm-1 is 157 
caused by Si-OH groups, which can not only illustrate that there are Si-OH groups on 158 
the surface of wollastonite, but also can get the conclusion that the absorption band at 159 
965 cm-1 is O-Si-O symmetrical stretching vibration. The bands at 3433 cm-1 and 160 
1425 cm-1 are respectively attributed to the O-H stretching vibration characteristic 161 
absorption peak and O-H bending vibration characteristic absorption peak, which 162 
indicates that there are hydroxyl groups on the surface of the calcined wollastonite. 163 
After calcination, the O-Si-O symmetrical stretching vibration absorption peak at 965 164 
cm-1 moved to 965 cm-1 and the M-O stretching vibration absorption peak at 449 cm-1 165 
transfered to 450 cm-1. The O-H stretching vibration characteristic absorption peak at 166 
3433 cm-1 moved to 3436 cm-1. It can be easily observed that there are a large number 167 
of the hydroxyl groups on the surface of calcined wollastonite, which are beneficial to 168 
the heterogeneous nucleation reaction.  169 
4. Conclusions 170 
The resistivity of the SCW composite powders was affected by different 171 
experimental conditions, such as hydrolysis temperature and time, calcinations 172 
temperature and time, pH value and coating amount. The results shows that the 173 
optimum conditions are the following: 1) hydrolysis temperature and time are 25 for 174 
30min; 2) Calcination temperature and time are 600 for 2h; 3) The coating amount 175 
and pH value are 1.2% and 10. Antistatic composite powders with SnO2 nanoparticles 176 
coated on calcined wollastonite particles were synthesized under these optimum 177 
conditions. The nano-SnO2/calcined wollastonite composite materials under the 178 
8 
optimum preparation conditions show good antistatic properties, the resistivity of 179 
which were reduced from 10.683 kΩ·cm to 2.533 kΩ·cm. The SCW powders show 180 
great potential in the fields of the antistatic composite materials. 181 
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O Si Ca Sn 
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calcined 
wollastonite 30.16 48.26 26.16 23.84 43.68 27.90 — — 
SCW powders 28.85 47.42 25.64 24.01 42.52 27.90 2.99 0.66 
 
